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The evidence
No papers were identified that addressed the use of garlic to prevent dogs and/or cats becoming parasitised by intestinal worm species. Three papers were identified that either fully (Bastidas, 1969; Ronagh et al. 2015) or partially (Andrei et al., 2011) addressed the intestinal worm reduction aspect of the PICO. Two of the studies focused on dogs (Bastidas, 1969; Andrei et al., 2011) and one of the studies focused on cats (Ronagh et al., 2015) . Not all species of intestinal worm known to parasitise cats and/or dogs in the UK were represented, with tapeworm species being the notable exception. All three studies were clinical trials that either used the animal as its own control (Andrei et al., 2011 , Bastidas, 1969 or allocated the animals to separate treatment groups (Ronagh et al., 2015) . Random allocation of the latter was not reported. Despite being clinical trials, all three studies are very limited with poor data handling and insufficient reporting of the methodology and/or results. The Andrei et al. (2011) study used the garlic in conjunction with other herbs so any potential anthelmintic effect of garlic is totally confounded with the other components (n = 6, plus water) of the tincture and pumpkin oil preparation used. However, this tincture was associated with a greater than 90% reduction in eggs per gram of faeces for all species (Toxocara canis, Ancylostoma spp., Trichocephalus spp.), with similar findings across both populations (shelter dogs: n = 37, owned dogs: n = 10)) studied. Bastidas (1969) , with a sample size of one, found that larvae count of Ancylostoma Caninum decreased during daily dosing with garlic, but eggs per gram of faeces was only slightly reduced. Rapid recovery to pre-dosing levels (2 days) was observed
PICO question
In dogs and cats, is the oral administration of garlic, compared to no treatment, efficacious at preventing or reducing the intestinal worm burden (species found in the UK)?
Clinical bottom line
No studies were identified that investigated the efficacy of garlic at preventing intestinal worm burden. Garlic reduced egg and/or larvae counts in the worm species studied. However, where measured, egg and larvae count rapidly (2 days) returned to pretreatment levels once dietary garlic was discontinued. None of the studies included adulticidal action as an outcome measure. In the absence of research to demonstrate high levels of adulticidal action against a range of intestinal wormers at therapeutic, non-toxic levels in cats and dogs, clients should be advised that garlic has not been demonstrated to be an effective anthelmintic (either for multiple or single species use) for use in dogs and cats either to prevent or to treat an intestinal worm burden.
The intervention was a home prepared herbal tincture (10% solution), plus a dose of cold pressed pumpkin oil. The herbal tincture contained the following herbs:
-Inula helenium -Tanacetum vulgare -Thymus serpyllum -Artemisia absinthium -Allium ursinum -Allium sativum (garlic) The quantities of each herbal are not stated, and the references cited are for resources reported in the Romanian language. The dose administered of both the tincture and the pumpkin oil was weight dependent, and was given per os twice daily for 5 days.
Experimental timeline Day 0: a faecal sample was obtained from each dog. Day 1-13: at some point over these 13 days each dog was given a weight dependent twice daily dose of the tincture plus the pumpkin oil for 5 days. The actual days this was administered on are not reported. Day 14: a faecal sample was obtained from each dog.
The Willis and McMaster coproscopic method (no reference provided by the authors) was used to undertake the egg count.
Study design: Non-randomised controlled trial (before/after design) Outcome studied: Worm eggs per gram of faeces, split down by species/class. Samples taken before (day 0) and after (day 14) the intervention was applied. A percentage effectiveness score was then calculated:
Effectiveness (%) = ((EPG day 0 -EPG day 14) ÷ EPG day 0) X 100
EPG = Eggs per gram

Main findings: (relevant to PICO question):
In summary, for both groups of dogs, the egg count of the three species present was considerably lower following the intervention.
The following values show the mean ± standard error of the mean, associated with each group/day/species. Please note the authors do not conduct analytical statistics so there are no p values. They do report a confidence level of 95% but then appear¹ to report the confidence interval as a range, rather than as lower limit and higher limit. A faecal sample was collected on all 12 days, and a daily egg count (4 replicates, 50 mg samples) undertaken using the Kato method (Martin and Beaver, 1968) , and a culture (five replicates, 300 mg samples) per day were made and allowed to stand for 10 days (in a darkened room, at an ambient temperature of 21-23˚C). The larvae were then killed using iodine and counted. The author of the research paper reports only raw daily values in a table. With a sample size of one, there are no analytical statistics.
To aid visualisation of the results, these raw values have been reported using line graphs created by the author of this Knowledge Summary. (day [11] [12] The author of this Knowledge Summary also undertook the following analysis on the data reported in the original paper:
Using the formula reported in the Andrei et al. (2011) study, the percentage of effectiveness was calculated. The mean value before feeding garlic (day 1-5) was used as the baseline measurement (EPG day 0), and day 10 (last day that garlic was fed) as the comparator (EPG day 10). The findings were as follows:
-Effectiveness at reducing egg count by day 10: 14.75% effective¹ -Effectiveness at reducing larvae count by day 10: 81.77% effective²
Limitations: -There was a sample size of one -There is no evidence that blinding was undertaken so the person handling the faecal sample was potentially aware of whether the sample corresponded to days on which garlic was administered -The dose of garlic was not standardised per day (it is not clear whether this is because the quantity offered was different each day, or the quantity voluntarily consumed was different despite offering a fixed amount) -The study findings could have been strengthened by a repeated measures design on this one subject, to help rule out stochastic or alternative explanations for the findings -Limited data handling
Ronagh et al. (2015)
Population: Stray domestic shorthair female cats (weighing circa 3 kg), captured from the streets of Tehran and naturally infected with Toxocara cati roundworms (based on faecal egg counts).
Sample size: 25 cats (five per treatment group), drawn from a wider trapped sample of 100 cats. The 25 cats with the heaviest worm burden were selected from this larger sample.
Intervention details:
Cats were allocated to one of five treatment groups: 1. Control (no treatment) 2. Garlic (fed one 1.25 g garlic tablet daily) 3. Black seed (fed 12 g of black seed powder daily) 4. Pumpkin (fed 3 g of pumpkin seed powder daily) 5. Cloves (fed 6 g of clove powder daily)
Cats were trapped, housed separately, and given 3 days to acclimatise to their environment before the treatments were applied.
Experimental timeline: 1. Day 0 (prior to treatment): faeces were collected, and stored in a 10% formalin buffer solution to prevent decay. An egg count was performed at some point subsequent to this.
2. Day 7: cats were fed a standard feed ration (not defined in more detail by the authors), either without a supplement (Control group) or with a supplement (experimental treatment groups). The supplement given is outlined in the treatment group description above.
3. 7 days after treatments were applied (not clear whether this is 7 days after the start or end of the supplement phase): faeces were collected, and stored in a 10% formalin buffer solution to prevent decay. An egg count was performed (formalin-ether sediment method, no reference provided by the authors) at some point subsequent to this.
4. Cats were then euthanised, and the stomach and intestines removed and preserved in 10% formalin. Sections of stomach, duodenum, jejunum and ileum were then stained (haematoxylin and eosin), and examined microscopically for damage). The number of intestinal adult female Toxocara cati worms was counted.
Study design: Controlled trial (not clear if randomised or nonrandomised)
Outcome studied: Two outcome measures were relevant to the PICO:
1. Faecal egg count (Toxocara cati eggs) 2. Fecundity rate (Toxocara cati worms)
The fecundity rate was calculated using the following equation:
Fecundity rate = EPG ÷ Number of female adult worms
EPG = eggs per gram
Main findings: (relevant to PICO question):
Please note: only the Control group and the Garlic group results are reported here.
Faecal egg count:
The mean (± standard deviation) Toxocara cati eggs per gram of faeces were as follows: -Day 0: Control group: 9.4 (± 1.1); Garlic group: 19.0 (± 2.2) -Day 7: Control group: 9.0 (± 1.6); Garlic group: 8.8 (± 0.8)
The authors also report that the Control group versus Garlic group Descriptive statistics (below) have been performed on this data set by the Knowledge Summary author using the same parameters used by the paper authors in the first outcome measure. Data distribution or skewness has not been evaluated.
The mean (± standard deviation) fecundity rate was as follows: -Day 0: Control group: 6.4 (± 2.0); Garlic group: 10.4 (± 3.5) -Day 7: Control group: 6.1 (± 1.9); Garlic group: 4.9 (± 1.9)
Limitations: -The authors do not report how they allocated the cats to the different treatment groups so it is not known whether cats were randomly allocated to receive the different treatments. -There is no evidence that the researchers or any other personnel involved in the study (if any) were blinded as to the treatments when collecting/analysing data. 
within treatment differences in egg count between day 0 and day 7' data, and then conducted a between treatment group T-test on the 'differences' data. This would allow them to undertake one statistic test to compare between treatment groups, while also handling the data in a manner that would increase the likelihood of finding significant differences where there is a lot of variation between dogs in terms numbers of eggs present in faeces at either time point. The authors do not tell us though that they do this and this lack of detail is a study failing.
-The authors do not justify their use of parametric statistical analysis or choice of measure of central tendency. -The sample size per treatment group is very small and does not appear to be based on a power calculation or other approach to determine an appropriate sample size. -The treatment groups differed in mean number of eggs per gram of faeces (the Garlic group had approximately double the number of eggs compared to the Control group) on day 0 (prior to treatment application). Likewise, the fecundity rate of the Garlic group was higher than the Control group at the start of the study (day 0). -The authors report that garlic reduced the number of female adult worms and refer the reader to table 2 in demonstration of this. However, table 2 refers to fecundity rate (not the number of adult female worms) and this value cannot be used to quantify number of adult female worms present using the information provided. The number of adult female worms was not listed as a planned outcome measure, and is not reported anywhere else in the paper.
Appraisal, application and reflection
Plant-based anthelmentics have been suggested as a potential alternative to overcome increasing resistance to conventional anthelmentics (French, 2018) . The use of garlic as a traditional anthelmintic for dogs with intestinal worms has been reported (n = 1 interviewee) in a study exploring central- al., 2011) and one of the studies focused on cats (Ronagh et al., 2015) . A further abstract (Bekirov et al., 1979 ) that examined the use of garlic (in conjunction with other ingredients) as a canine anthelmintic effective against Echinococcus or Taenia hydatigena was excluded as the main paper was in Russian but reported 92-94.8% and 100% efficacy respectively against each species. The relative lack of studies that addressed the PICO also meant that some of the intestinal worms known to affect dogs and cats in the UK did not have any evidence available to address the use of garlic as an anthelmintic for that species. Studies focusing on tapeworm species were notably absent, with the exception of the Bekirov study, which combined garlic with several other products thereby confounding interpretation of the efficacy of garlic per se as an anthelmintic. Thus, any positive anthelmintic effects at the level of the individual species may still limit clinical use to the practitioner or owner when seeking an anthelmintic effective against a broad range of intestinal worms. All three studies included in this Knowledge Summary were clinical trials, which either used the animal as its own control (Andrei et al., 2011 , Bastidas, 1969 or allocated the animals to separate treatment groups (Ronagh et al., 2015) . However, despite being clinical trials, all of the studies showed clear limitations in terms of methodological approach and/or study methodology reporting and/or results reporting and highlight the importance of not using the evidence pyramid (see: O'Connor, 2017 for a discussion on the limitations to the evidence pyramid) in isolation when evaluating the relative quality of a study. Furthermore, the outcome measures used by each of the studies used are unlikely to address the clinical need of veterinary practitioners or clients seeking an anthelmintic that will kill intestinal worms present at the point of dosing the dog or cat.
In the Andrei et al. (2011) study a 90% reduction in eggs per gram of faeces for all species (Toxocara canis, Ancylostoma spp, Trichocephalus spp.) following a twice daily weight dependent dose of their worming preparation (tincture and pumpkin oil). Similar results were obtained for both populations (shelter dogs: n = 37, owned dogs: n = 10)) studied. However, this worming preparation used the garlic in conjunction with other herbs so any potential anthelmintic effect of garlic is totally confounded with the other components (n = 6, plus water) of the tincture and pumpkin oil preparation used. Thus, it is impossible to quantify the relative contribution (positive, negative, additive, synergistic, or no effect at all) of garlic to these findings. In defence of the authors, this study was designed to test the efficacy of this worming preparation rather than to investigate the efficacy of garlic in isolation as an anthelmintic. However, this study is also problematic in terms of its scientific quality, with authors failing to report tincture composition in sufficient detail, with no detail available on the quantity of each herb added to the tincture preparation. Dosing standardisation was achieved through product dosing based on the weight of the dog, but this is only described in terms of quantity of the tincture plus pumpkin oil supplied. Despite the most impressive sample size (relative to the other two studies reported here), the authors do not perform analytical statistics on their findings, and while they describe reporting the confidence intervals (which can be used in preference to p values), they appear to be reporting this as one value rather than as an upper and lower limit which limits its value in interpreting the data. However, the descriptive statistics do suggest that the before and after treatment faecal egg counts would be significantly different across all three of the worm species studied (and the direction of the effect is similar for both shelter and owned dogs) should a suitable analytical test be performed. Despite this, the study suffers from another key issue when considering the clinical application of this tincture, and that is that the outcome measure assessed did not include either a direct or indirect (proxy) measurement of the effect of the preparation on adult worm mortality and/or long-term fecundity. The study finished immediately after the end of the tincture and pumpkin oil dosing period. Thus, all that is known is that this worming preparation had effects on egg production during the period of dosing, without anything to indicate the possible reason for this reduction. This is a clinically important issue that is of relevance to any anthelmintic product selection, and represents a major study limitation within the context of any clinician considering using this worming preparation in preference to any product with known adulticidal efficacy. The second of the studies evaluated (Bastidas, 1969 ) was included as a clinical trial based on its study methodology (before, during, after treatment) allowing it to meet the inclusion criteria but it had a sample size of one dog, and with each study phase undertaken only once, findings were potentially explicable, either partially or fully, by other undefined or unreported effects. This should be borne in mind when considering the reported findings. This study found that larvae count of Ancylostoma caninum decreased during daily However, there are other differences in the study methodology and lack of detail regarding the tincture preparation mean that meaningful comparisons are difficult to draw. Garlic appeared more effective at reducing larvae count and was 81.77% effective at reducing larvae count by day 5 (the last day) of treatment. However, it is important to note that this effect was very short lived and mean larvae count increased rapidly (1 day) following discontinuation of the garlic and returned to approximately pretreatment levels only 2 days after discontinuation of the garlic. Again, while the presence of viable adult female worms was not an outcome measure of this study, these post-treatment changes in larvae count suggest that the addition of garlic to the diet at this dosage and dosing period did not affect adult female worm mortality or longer-term fecundity rates. Finally, Ronagh et al. (2015) found that cats dosed with garlic (n = 5) showed a numerical reduction in Toxocara cati eggs on a faecal egg count and a numerical reduction in fecundity rate (number of eggs produced by a female adult Toxocara cati worm). No such reduction in either parameter was observed for Control cats (n = 5). However, this study euthanised the cats at the end of the study (to assess fecundity rate and gastrointestinal damage to the mucosa) and did not measure faecal egg counts for a few days posttreatment cessation. Thus, while it is known that egg counts were lower, and this reduction was probably due to a reduction in the number of eggs produced by each viable female, it is not known whether any inhibitory effect of the garlic is temporary (i.e. females will increase egg production when the garlic is discontinued) or whether it is more permanent (e.g. through increased morbidity/mortality rates of adult female worms). In the light of the Bastidas (1969) study findings this is an important consideration. This study did count the number of adult female worms present within the intestines at the point of euthanasia of both the Control group and the Garlic group but does not report this information. However, the authors do not report how the cats were allocated to their respective treatment groups. Frustratingly, the pretreatment faecal egg count demonstrates that the Control cats had a lower mean (± standard deviation) faecal egg count (9.4 ± 1.1) and fecundity rate (6.4 ± 2.0) than the Garlic group (egg count: 19.0 ± 2.0; fecundity rate: 10.4 ± 3.5), with important implications for data handling, analysis and interpretation. The authors' report a significant effect of treatment group (Garlic versus Control) but fail to report what data was analysed to obtain this probability value, and its value to the data interpretation is thereby questionable. With better management of subject allocation to the treatment groups (for example by using faecal egg counts to rank cats according to worm burden severity and then allocating to treatments using a randomised block approach) this study could have been strengthened. It is not clear why this was not undertaken as the authors originally trapped 100 cats, and retained the 25 most Toxocara cati parasitised cats to use in this study, so this limitation could have been addressed at the study outset. In summary, based on the limited and relatively poor quality studies available to address the PICO, garlic may have a temporary inhibitory action on larvae and/or egg production of the intestinal worm species studied but none of the studies directly investigated the effect of garlic on adult worm mortality or viability. However, where a proxy measure was used (egg/larvae production after treatment cessation) this suggested that garlic did not have adulticidal action against Ancyclostoma caninum. In the absence of research to demonstrate high levels of adulticidal action against a range of intestinal wormers at therapeutic, non-toxic levels in cats and dogs, clients should be advised that garlic is not proven as an effective anthelmintic (either against multiple species or a single species) for use in dogs and cats with to prevent, or to treat, an intestinal worm burden. 
